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CHAPTER  I 
 
 
 
 
INTRODUCTION 
 
 
 
 
1.1.      Background of The Research 
 
 
Since titanium was first discovered in 1790 and was mass-produced in the 
early 1950’s [Mangonon, 1999], the development and research on titanium and its 
alloys have been well developed. Until now, scientists and engineers had discovered 
new advanced material: gamma titanium-aluminide, well known as “γ-TiAl”. γ-TiAl 
based alloys with compositions ranging from 45 to 50 at.%Al,  is an intermetallic 
compound consist of Ti3Al (α2-phase) and Ti-Al (γ-phase) with low density, high 
Young’s Moduli, good creep and oxidation resistance up to 900oC (creep limit) 
[ASM, 1994]. Due to their high properties, this γ-TiAl extent the capabilities of 
titanium-based alloys beyond that of conventional α-β titanium alloys and potentially 
viable to replace nickel-based super alloys in some application with a material 
having one-half the density [Zheng et al., 1995; Cheng et al., 1999; Nombela et al., 
2000]. This γ-TiAl have been considered attractive candidates for applications in 
advanced fields such as in aerospace: blades, body frames, compressor cases, discs; 
in  marine applications: turbocharger rotors, flywheel, turbine engine compressor 
component, and turbine engine exhaust system components; in automotive engine 
components and in chemicals and other applications: hydrogen storage tank, 
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chemical storage tank and medical profession. [Mangonon, 1999; ASM, 1994; 
Seagle and Wood, 1993; Huang and Chessnut, 1994; Kim and Dimiduk, 1991 and 
Maeland et al., 1999] . 
 
 
 The future of titanium aluminide intermetallics is bright and well developed 
deformation mechanisms theory can explain the relationship between mechanical 
properties and microstructure.  The fundamental understanding of phase stabilities is 
enabling the optimization of microstructure and properties. 
 
 
In normal air condition, γ-Titanium aluminide intermetallics are known to be 
highly resistant to atmospheric corrosion at room temperature. However, their 
tendency to oxidize to form Al2O3 preferentially to TiO2 exits only up to 850oC, 
which is known as high temperature corrosion [Kim and Dimiduk, 1991]. However, 
at room temperature γ-titanium aluminide is often subjected to hydrogen-damage 
mechanisms, although the surface oxide film forms barrier to hydrogen atom entry to 
metal lattice. It is already known that titanium alloys are susceptible to hydrogen to 
form hydride on the surface. Hydrogen causes embrittlement leading to the 
deterioration of the properties of the alloys [Sha and Mckinven, 2002]. Much effort 
has been made to quantify the hydrogen susceptibility and its effect to properties of 
titanium alloys. Takasi et al. [1994] noted that for Gamma TiAl alloy, the yield 
strength increased with increasing amount of hydride but the ultimate tensile 
strength, ductility and fracture toughness decreased [Takasi et al., 1994]. Therefore 
the amount of hydrogen that a titanium alloy can absorb during service is a major 
measure of the ability of the alloy to retain good properties [Sha and Mckinven, 
2002]. Also, some researchers found that hydride formed on the surface and the 
possibility that some hydrogen may occupy the interstitial sites in the alloy [Takasaki 
et al., 1994; Gao et al., 1993 and Sundaram et al., 2000].  
 
 
It was found that hydrogen attack is more likely to occur in α2 or lamellae 
phases rather than γ-TiAl phases. Control of microstructure and phases could be the 
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answer to this problem. Appropriate γ-titanium aluminide which is more resistant to 
environment embrittlement and has useful properties need to be investigated. The 
focus of this research is to investigate the influence of microstructure and an alloying 
element content in γ-titanium aluminide namely chromium to corrosion attack in the 
form of hydrogen attack or hydrogen embrittlement.  
 
 
1. 2. Objectives of the Research. 
 
 
 The objective of this research is to study the effect of microstructure variation 
by heat treatment process and chromium addition on γ-titanium aluminide resistance 
to hydrogen attack and dealuminification. 
 
 
1. 3. Scope of the Research. 
 
 
The scope of the research include:    
1. Investigation of the effect of microstructure of γ- titanium aluminide 
generated by heat treatment on corrosion attack in the form of hydrogen 
attack. 
2. Investigation of the influence of an alloying element, namely chromium, 
added to γ-titanium aluminide on corrosion in the form of hydrogen 
attack. 
3. Investigating the effect of microstructure and chromium content on 
corrosion kinetics; namely coefficient of diffusivity of hydrogen in γ-
titanium aluminide 
4. Investigating the hydride formed on the surface of titanium aluminides. 
 
 
 
